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置成为多泵浦 RFA 设计的难点。针对这方面的研究，本文进行了以下工作。 








(2) 为了平衡多泵浦 RFA 设计中不同性能需求，本文提出了同时以最大化拉
曼开关增益和最小化增益波动为优化目标的多目标模型。在上述基于机器学习的
RFA 模型的基础上，利用改进的强度 Pareto 进化算法（SPEA2）获取 Pareto 前





















 With the coming of the big data era, the demands for the optical communication 
network with large capacity, high speed, and wide bandwidth have increased 
dramatically. The dense wavelength division multiplexing (DWDM) technology can 
effectively utilize the huge bandwidth resource to meet the bandwidth requirement 
and has been widely applied. The advanced devices in DWDM system will further 
promote the performance of the optical transmission system. The multichannel fiber 
Bragg grating (FBG) filters are useful for DWDM system owning to their flexible 
multi-wavelength selection. The Raman fiber amplifiers (RFAs) exhibit various merits 
such as low noise, flexible amplification bandwidth and high gain, and become 
promising devices to expand DWDM system bandwidth. In the thesis, the 
optimization issues in the synthesis of the FBG filters and RFAs are addressed by 
utilizing the intelligent computation methods. The detailed work is described as 
follows. 
1. Optimization of multichannel fiber Bragg grating filter design  
FBG featuring a multichannel spectral response has its advantageous 
characteristics of small size, low cost, low insertion loss, and good compatibility. 
However, when channel count increases, the design and fabrication of a multichannel 
FBG filter is a challenging task. The following work is carried on in this study. 
(1) An optimization method based on evolutionary algorithm for multichannel 
FBG filter synthesis is proposed. The approach synthesizes the grating by introducing 
the group delay parameter and transforming the inverse problem into an optimization 
problem. Differential evolution (DE), a powerful evolutionary algorithm, is employed 
to search the appropriate group delay parameters. The results show that the method 















(2) A Pareto-based multiobjective optimization technique for multichannel FBG 
filters synthesis is proposed. The goal is to optimize the maximum index modulation 
and to optimize the dispersion of the FBG. A two-stage method is proposed. NSGA-II 
algorithm is used to obtain the Pareto front and then the TOPSIS approach is 
employed to select an appropriate solution. The design results show that the approach 
can get a good balance of the two objectives and improve the performance.  
2. Optimization of multi-pump gain-flattened Raman fiber amplifiers design 
The gain spectrum flattening is a key problem in the design of RFA. Multiple 
pumping technique is commonly used as an effective solution. The shape of the 
Raman gain spectrum largely depends on the different pump wavelength and pump 
power level combinations. Hence, finding the ideal and optimized pump configuration 
that can generate the flat gain spectrum with low gain ripple and expand the 
bandwidth is necessary. The main work is completed as follows. 
(1) An efficient method to design the multi-pump Raman fiber amplifier is 
proposed based on machine learning technique. A multi-input multi-output RFA 
model is introduced to replace the complicated solving process of the nonlinear 
coupled Raman amplification equation. The proposed approach contains two phases: 
offline training phase and online optimization phase. During the offline phase, the 
RFA model is trained. During the online phase, the well-trained RFA model is 
incorporated into the evolutionary algorithm to find the optimal pump configuration. 
Two promising machine learning method, least squares support vector regression 
(LSSVR) and extreme learning machine (ELM) is employed to establish the RFA 
model. The design results demonstrate that the proposed method greatly shortens the 
computation time and enhances the efficiency of the pump parameter optimization for 
RFA design. 
(2) Multi-objective Raman amplifier design is presented to balance the 
conflicting requirements of the on-off gain and ripple specifications. This study 
attempts to find the optimal pump configuration. Based on the machine learning RFA 
model, the strength Pareto evolutionary algorithm (SPEA2) is applied to obtain the 














the pump parameters. The design examples show that the method is capable of 
determining high-quality solutions for multipump RFA design. 
The study belongs to the applied basic research within the interdisciplinary fields 
involving informatics and optics. Based on the intelligent computation technique, the 
thesis resolves the optimization problems of the multichannel FBG filters and the 
multipump RFAs design. The proposed novel ideas and effective methods enhance the 
intelligence of the optical devices. The trend of the optical communication network 
will be more broadband, intelligent, and comprehensive. 
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